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EXECUTIVE  SUMMARY 


Flight  helmets  are  required  in-flight  for  many  reasons:  impact/ballistic  protection, 
communications,  and  hearing  protection.  The  HGU-56/P  flight  helmet  was  designed  for 
rotor  wing  pilots  and  the  HGU-55/P  flight  helmet  was  designed  for  fixed  wing  pilots. 
Both  flight  helmets  have  communication  earcups  that  are  secured  in  the  helmet  with  foam 
shims  and  velcro  attachments.  The  shims  are  also  used  to  create  a  seal  between  the 
earcups  and  the  pilot’s  head.  Warrior  Edge  developed  a  system  that  could  replace  the 
shims  called  the  Fully- Articulating  Air  Bladder  System  (FAABS).  FAABS  was  designed 
to  give  the  pilot  the  ability  to  manually  inflate/deflate  the  air  bladders  with  a  finger  pump. 

The  Air  Force  Research  Laboratory’s  (AFRL)  Battlespace  Acoustics  Branch  collected 
passive  noise  attenuation  performance  data  on  both  the  HGU-56/P  and  the  HGU-55/P 
helmets  with  the  FAABS  to  compare  to  the  noise  attenuation  performance  of  the  helmets 
with  regular  shims.  All  data  were  collected  in  accordance  with  ANSI  S12. 6-2008. 1  The 
noise  attenuation  performance  results  revealed  that  the  helmets  with  FAABS  performed 
better  when  compared  to  the  helmets  with  regular  shims  across  all  frequencies  from  125 
to  8000  Hz  (except  at  2000  Hz  in  the  HGU-56/P  helmet  where  attenuation  performance 
was  equivalent).  Any  modification  to  the  helmet  system  must  first  receive  approval 
before  flight;  these  measurements  meet  the  safe-to-fly  checklist  requirement  for  noise 
attenuation. 


1.0  INTRODUCTION 

HGU-56/P  and  HGU-55/P  flight  helmets  (Figure  1)  provide  protection  to  aircrew  in 
rotor-  and  fixed-wing  aircraft.  Foam  shims  (Figure  2)  are  used  to  stabilize  the  helmet  by 
providing  pressure  behind  the  earcups.  FAABS  (Figure  3)  was  designed  to  improve 
helmet  stability  as  well  as  to  create  an  earcup  seal  via  an  equalizing  bladder.  FAABS 
was  also  crafted  to  increase  the  pilot’s  comfort  levels  while  wearing  the  flight  helmet  by 
eliminating  hot  spots  and  ultimately  reducing  mission  fatigue. 


1 


Distribution  A:  Approved  for  public  release;  distribution  unlimited. 
88  ABW  Cleared  02/03/2014;  88  ABW-20 14-0327. 


Figure  1.  HGU-56/P  (left)  and  HGU-55/P  (right)  flight  helmets 


Figure  3.  Fully- Articulating  Air  Bladder  System  (FAABS) 
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2.0  METHODS 


2.1  Subjects 

Ten  paid  volunteer  subjects  (5  male,  5  female)  participated  in  the  noise  attenuation 
performance  measurements.  All  subjects  had  hearing  threshold  levels  less  than  or  equal 
to  20  dB  hearing  level  (HL)  from  125  to  8000  Hz.  The  subjects  ranged  in  age  from  21  to 
30  with  a  mean  age  of  25  years. 

2.2  REAT  -  Passive  Noise  Attenuation 

The  AFRL  Real  Ear  Attenuation  at  Threshold  (REAT)  facility  was  used  to  measure  the 
passive  attenuation  performance  of  flight  helmets  with  and  without  FAABS.  The  facility 
was  built  for  the  measurement,  analysis,  and  documentation  of  the  sound  attenuation 
properties  of  passive  hearing  protection  devices.  The  chamber,  its  instrumentation,  and 
measurement  procedures  were  in  accordance  with  ANSI  S  12.6-2008. 1  The  procedures 
described  in  ANSI  S12.6  consist  of  measuring  the  open  ear  (without  the  hearing 
protector)  and  occluded  ear  (with  the  hearing  protector,  Figure  4)  hearing  thresholds  of 
human  subjects  using  a  von  Bekesy  tracking  task.  Psychoacoustic  thresholds  were 
measured  two  times  for  the  open  ear  condition  and  two  times  for  the  occluded  ear 
condition.  The  real-ear  attenuation  at  threshold  for  each  subject  was  computed  at  each 
octave  frequency,  125,  250,  500,  1000,  2000,  4000,  and  8000  Hz,  by  averaging  the  two 
trials  (the  difference  between  open  and  occluded  ear  hearing  thresholds).  The  mean  and 
standard  deviation  at  each  frequency  was  then  calculated  across  subjects. 


Figure  4.  Subjects  in  REAT  facility  with  and  without  the  HGU-56/P  flight  helmet 


3.0  RESULTS 


Passive  noise  attenuation  performance  measurements  were  collected  on  the  HGU-56/P 
and  HGU-55/P  flight  helmets  worn  in  conjunction  with  FAABS.  Additionally,  noise 
attenuation  measurements  were  collected  on  the  HGU-56/P  helmet  with  regular  shims  to 
directly  compare  the  effect  of  FAABS  and  shims.  Previous  data  had  been  collected  in 
2001  on  the  HGU-55/P  helmet  with  regular  shims. 
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Mean  and  standard  deviation  passive  noise  attenuation  data  of  the  HGU-56/P  flight 
helmet  in  conjunction  with  FAABS  and  regular  shims  were  calculated  and  are  listed  in 
Table  1.  Mean  noise  attenuation  data  are  plotted  for  both  conditions  in  Figure  5.  Results 
indicate  that  the  HGU-56/P  with  the  FAABS  provided  higher  mean  passive  noise 
attenuation  across  all  frequencies  when  compared  to  the  helmet  with  regular  shims  except 
at  2000  Hz,  where  equal  attenuation  was  measured. 


Table  1.  Mean  and  standard  deviation  passive  noise  attenuation  data  for  the  HGU-56/P  flight  helmet 


Helmet  Configuration 

Frequency  (Hz) 

125 

250 

500 

1000 

2000 

4000 

8000 

HGU-56/P  with  FAABS 

Mean 

10 

11 

17 

32 

34 

44 

46 

SD 

8 

7 

4 

6 

4 

6 

5 

HGU-56/P  with  Shims 

Mean 

7 

8 

13 

27 

34 

37 

39 

SD 

6 

6 

5 

4 

6 

7 

8 

HGU-56/P  Flight  Helmet 


-♦-HGU-56/P  with  FAABS  -B-HGU-56/P  with  Shims 


Frequency  (Hz) 


Figure  5.  Mean  passive  noise  attenuation  performance  of  the  HGU-56/P  with  and  without  FAABS 
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Mean  and  standard  deviation  passive  noise  attenuation  data  of  the  HGU-55/P  flight 
helmet  in  conjunction  with  FAABS  and  regular  shims  were  calculated  and  are  listed  in 
Table  3.  Mean  noise  attenuation  data  are  plotted  for  both  conditions  in  Figure  6.  Results 
indicate  that  the  HGU-55/P  flight  helmet  with  FAABS  provided  higher  mean  passive 
noise  attenuation  results  across  all  frequencies  when  compared  to  the  HGU-55/P  with 
regular  shims. 


Table  2.  Mean  and  standard  deviation  passive  noise  attenuation  data  for  the  HGU-55/P  flight  helmet 


Helmet  Configuration 

Frequency  (Hz) 

125 

250 

500 

1000 

2000 

4000 

8000 

HGU-55/P  with  FAABS 

Mean 

14 

12 

21 

32 

38 

51 

58 

SD 

6 

4 

5 

5 

6 

7 

7 

HGU-55/P  with  Shims  (2001) 

Mean 

9 

8 

15 

28 

37 

50 

54 

SD 

6 

4 

4 

3 

4 

4 

4 

HGU-55/P  Flight  Helmet 


-♦-HGU-55/P  with  FAABS  -B-HGU-55/P  with  Shims  (2001) 


Frequency  (Hz) 


Figure  6.  Mean  passive  noise  attenuation  performance  of  the  HGU-55/P  with  and  without  FAABS 
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4.0  CONCLUSION 


Passive  noise  attenuation  performance  was  measured  for  the  HGU-56/P  and  HGU-55/P 
flight  helmets  to  compare  the  effect  the  FAABS  and  regular  foam  shims  had  on  the 
protection  level  of  the  helmet.  The  HGU-56/P  with  the  FAABS  provided  higher  mean 
passive  noise  attenuation  across  all  frequencies  when  compared  to  the  helmet  with 
regular  shims  except  at  2000  Hz,  where  equal  performance  was  measured.  The  HGU- 
55/P  flight  helmet  with  FAABS  provided  higher  mean  passive  noise  attenuation  results 
across  all  frequencies  when  compared  to  the  HGU-55/P  with  regular  shims. 

All  measurements  were  collected  in  accordance  with  ANSI  S  12.6-2008. 1  The  REAT  data 
presented  in  this  report  are  suitable  for  use  in  noise  exposure  calculations  for  the  DoD 
and  individual  service  hearing  conservation  programs. 
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